




1Research Group of Animal Breeding and Animal Hygiene, Kaposvár University, Kaposvár, Hungary, 2Department of 
Nutrition, Szent István University, Gödöllô, Hungary
Effect of long term feeding of T-2 and HT-2 toxin 
contaminated diet on the glutathione redox status and 
lipid peroxidation processes in common carp (Cyprinus 
carpio L.)
Krisztián Balogh1,2*, Mónika Heincinger2, Judit Fodor1, Miklós Mézes2
ABSTRACT                        Effect of sublethal T-2 (2.45 mg kg-1 feed) and HT-2 (0.52 mg kg-1 feed) toxin 
treatment for 4 weeks was investigated in common carp. Two groups, a control and a T-2+HT-2 
toxin treated were formed. Six carps were exterminated from each group weekly. Liver samples 
were taken, in which reduced glutathione concentration and glutathione-peroxidase activity 
were measured. Free radical formation was measured by a direct reactive oxygen metabolites 
test, and also malondialdehyde concentration was determined. From the first week lower feed 
consumption and weight gain was recorded in T-2 toxin treated group, which resulted signifi-
cantly lower live weight at the end of experiment. Feeding the T-2 toxin contaminated diet 
caused, significantly elevated glutathione concentration and glutathione-peroxidase activity 
during the first week. At second week the T-2 toxin loading resulted decrease in glutathione 
concentration and glutathione-peroxidase activity of liver as compared to the control. Although 
the reactive oxygen metabolite concentration was elevated in T-2 toxin treated group during 
the first two weeks, no significant changes were found in the MDA concentration. The results 
show that the biological antioxidant system was able to eliminate the harmful peroxidative 








Table 1. Measured nutrient content of diet.
Nutrient content (% dry matter)
Crude protein 33.43 %
Crude fat 6.66 %
In which saturated fatty acids 23.00 %
monounsaturated fatty acids 35.70 %
polyunsaturated fatty acids 40.90 %
Crude fiber 0.57 %
Nitrogen free extract 55.26 %
Ash 4.08 %
Table 2. Live weight of the sampled animals during the experiment.
Live weight (g)
7th day 14th day 21st day 28th day
Control 53.45 ± 5.20 55.55 ± 8.53 56.60 ± 3.73 62.45b ± 6.48
T-2 and HT-2 toxin treated 52.35 ± 3.88 53.55 ± 6.26 54.52 ± 10.33 53.68a ± 5.61
All values are given as the mean ± SD; n = 6. Values in the same column with different superscripts significantly differ at p < 0.05.
Statistical analysis
Results
Table 3. Effect of long-term feeding of T-2 and HT-2 toxin contaminated diet on the glutathione redox system of carps.
GSH concentration (umol/g)
7th day 14th day 21st day 28th day
Control 1.68aA ± 0.20 1.74AB ± 0.28 2.15B ± 0.53 1.55aA ± 0.39
T-2 and HT-2 toxin treated 2.36bB ± 0.52 1.60A ± 0.21 2.44B ± 0.65 2.24bB ± 0.66
GSHPx activity (U/g protein)
7th day 14th day 21st day 28th day
Control 1.87a ± 0.40 2.09 ± 0.37 2.36 ± 0.50 1.96 ± 0.51
T-2 and HT-2 toxin treated 2.60bAB ± 0.32 1.89A ± 0.42 2.84B ± 1.04 2.61AB ± 0.76
All values are given as the mean ± SD; n = 6. Values in the same column with different superscripts (a, b) significantly differ at p < 0.05. Values in the same row with 
different superscripts (A, B) significantly differ at p < 0.05.
Table 4. Effect of long-term feeding of T-2 and HT-2 toxin contaminated diet on the free radical generation and lipid peroxidation 
processes of carps.
dROMs concentration (mg H2O2/dl)
7th day 14th day 21st day 28th day
Control 0.61 ± 0.34 0.81±0.46 2.05±0.36 1.52±1.21
T-2 and HT-2 toxin treated 1.52 ± 1.09 1.88±1.36 1.98±0.67 1.28±1.03
MDA concentration (µmol/g)
7th day 14th day 21st day 28th day
Control 39.78BC ± 10.56 30.35B ± 2.86 16.29A ± 6.57 24.59AB ± 12.97
T-2 and HT-2 toxin treated 36.41C ± 5.47 34.70C ± 4.55 15.30A ± 1.94 24.54B ± 12.95
All values are given as the mean ± SD; n = 6. Values in the same column with different superscripts (a, b) significantly differ at p < 0.05. Values in the same row with 
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Table 5. Summary of the linear regression analysis (linear 
regression coefficients) between the measured parameters of 
glutation redox system and lipid peroxidation processes in liver 
of carps. n.s. – non significant.
GSHPx MDA dROMs
GSH       control r = 0.765 - 0.275 0.370
p < 0.001 n.s. n.s.
T-2 and HT-2 toxin 
treated
r = 0.913 - 0.019 - 0.087
p < 0.001 n.s. n.s.
GSHPx  control r = - 0.258 0.191
n.s. n.s.
T-2 and HT-2 toxin 
treated
r = - 0.106 - 0.063
n.s. n.s.
MDA      control r = - 0.804
P<0.001
T-2 and HT-2 toxin 
treated 
r = - 0.326
n.s.

